Objective. To assess the association of insurance status on infant rehospitalization in a population-based setting. Methods. In this longitudinal retrospective study, hospitalizations were tracked for 1 year after birth discharge for 203 031 infants born in hospitals during 2008 using data from the New York State Inpatient Database. Relative risk was estimated using multivariable negative binomial regression models. Results. Rehospitalization occurred in 9010 infants (4.4%). Medicaid coverage and being uninsured were strong predictors of rehospitalizations after adjustment for birth weight and other factors. Medicaid also bears a disproportionate share of the economic burden. Normal birth weight infants have the lowest risk, but comprise the majority of costs. Jaundice and acute bronchiolitis were the leading causes of rehospitalization within 30 days and 1 year, respectively. Discussion. Future research can explore the preventability of rehospitalizations, and evaluate novel strategies for discharge and postnatal care coordination especially for uninsured and Medicaid-enrolled infants.
Introduction
Reducing rehospitalizations is important in order to improve the quality of health care and lower costs, and is also a key component of the Affordable Care Act. 1, 2 While most attention has been focused on the elderly Medicare population, rehospitalizations have also been shown to be common and costly in children and youth. [3] [4] [5] [6] [7] [8] However, less is known about rehospitalizations during early infancy. Earlier studies have found associations between increased rehospitalization and low birth weight/prematurity, black race, urban residence, and low maternal socioeconomic status. [4] [5] [6] [7] [8] [9] [10] However, many of these previous analyses addressed primarily infants in specific health plans or hospital systems, or on subsets of infants such as those born preterm. An analysis of readmission in 15 states found Medicare and Medicaid to be associated with higher risk-adjusted readmission rates compared with those with private insurance in the general population, but this same study found no difference between Medicaid and private insurance for pediatrics age 1 to 17 years. 11 To our knowledge, there are few large population-based studies that focus on rehospitalizations among infants in the first year after birth discharge and none that focus on the impact of insurance status in diverse multipayer, all-birth weight populations.
The aim of this study was to examine the association of insurance as a risk factor for rehospitalizations in the first year after birth discharge in a large contemporary ethnically diverse population that encompasses all birth weights and all payer types. We hypothesized that Medicaid insurance is an independent predictor of increased risk of rehospitalization. We also described the impact of insurance status on the extent, causes, and costs of these rehospitalizations.
Methods

Data Source
We conducted a longitudinal retrospective study using administrative hospitalization data from the 2008 and 2009 New York State Inpatient Database (SID). The SID, part of the Healthcare Cost & Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality, includes the universe of discharges for all inpatient stays in nongovernment hospitals. The SID carries clinical and nonclinical information on all patients, including age, sex, race, insurance status, length of stay, discharge status, and ICD-9-CM (International Classification of Diseases-9th Revision-Clinical Modification) diagnostic and procedure codes. 12 The SID has several strengths, including a large multiethnic population in addition to availability of comprehensive data on patients with all insurance types. The New York SID is an ideal database for this study in that it has an HCUP-generated synthetic patient identifier that allows revisit analysis, and this identifier has been verified in a large percentage (85.3% in 2008) of the infant population. 13 The New York SID also has the birth weight measured in grams recorded for all newborns.
Study Population: Inclusion and Exclusion Criteria
The study population included all infants born alive in hospitals within the state of New York during 2008. The population was identified using admission type and hospital birth flag variables included in the database. Subjects with missing synthetic patient identifiers (N = 32 569 records; 13.4%) and those that died in-hospital before discharge (n = 645, 0.3%) were excluded. These excluded patients had similar birth weight, length of stay, and costs as the study population, but they were more likely to be Hispanic (32% vs 14% in the study population, P < .001) and female (57% vs 51%, P < .001) and less likely to be white (28% vs 50%, P < .001). Newborns with birth weight less than 500 g (n = 15; 0.1%), and those listed as having "Medicare" or "other" insurance (n = 4069; 2.0%) on the discharge record were excluded. Thus, the final study cohort included 203 031 infants.
Independent Variables
The main exposure of interest was insurance status of the newborn, categorized as private (commercial), Medicaid, or uninsured as documented ("primary payer") on the hospital discharge record. Newborns were classified into 4 well-recognized categories based on recorded birth weights in the New York SID: normal (2500 g or higher), low birth weight (1500-2499 g), very low birth weight (1000-1499 g), and extremely low birth weight (<1000 g). 14 We also included the following subject-level determinants in our model of rehospitalization: race, sex, median household income in patient's zip code of residence, birth by Cesarean section, and initial length of stay. The SID database contains 6 race categories: white, black, Hispanic, Asian/Pacific Islander, other, and unknown. We collapsed Asian/Pacific Islander and Other into one category. Median household income is an HCUP-generated variable based on census data that ranks median income in each zip code into 4 quartiles, which we collapsed into 2 categories: above and below the median. Cesarean section was defined by ICD-9-CM codes V30-V39 that have a fifth digit of 1. Length of stay during birth hospitalization was defined as the period in days from the birth admission date to the discharge date.
Primary Outcome
Rehospitalization, the primary outcome measure, was defined as a hospital admission at least 1 day apart from the initial birth discharge. Hospital admissions that occurred on the same day as the birth stay discharge were considered transfers and not counted as rehospitalizations. The follow-up period for these patients (n = 2030) began after discharge from the "transferred to" hospital. 15 Rehospitalizations during the first year after birth discharge were identified and assessed at 3 subintervals-within 30 days, 31-90 days, or 91-365 days of birth discharge-based on precedents in the general readmission literature. 16, 17 We evaluated the economic impact of rehospitalizations in terms of total costs. Costs were estimated from total charges using a cost-to-charge ratio supplied by HCUP. 18 To assess the most common causes of rehospitalization, we used the primary ICD-9-CM diagnosis code documented for each rehospitalization. 19 
Analyses
We first examined the distribution of data and calculated the baseline descriptive statistics for all variables included in the analyses. Negative binomial regression using a generalized estimating equations approach was used to model rehospitalization and produce relative risks and 95% confidence intervals. 20, 21 The generalized estimating equations approach accounts for correlation between subjects treated in the same hospital and produces population-averaged relative risk estimates. 22 We performed stratified analysis by birth weight and birth length of stay to check for potential confounding. We also tested for 2-way interaction between all combinations of variables and tested for multicollinearity. We tested differences in mean costs of rehospitalization across payer type and birth weight using generalized linear models with a log link and gamma distribution, adjusting for the same covariates as in our rehospitalization model. As inferences drawn from cost models are sometimes sensitive to distribution type, we performed a sensitivity analysis using a normal distribution. 23, 24 All statistical analysis was conducted using SAS/STAT software, Version 9.2 of the SAS system for UNIX (SAS Institute Inc, Cary, NC). This project was approved by the Case Western Reserve University Institutional Review Board.
Results
The study population included 203 031 live births, of which 51% had private insurance, 41% were on Medicaid, and 9% were uninsured. Overall, 92.3% were normal birth weight, 6.4% were low birth weight, 0.8% were very low birth weight, and 0.5% were extremely low birth weight ( Table 1 ). The distribution across payer types was relatively similar although overall low birth weight (<2500 g) was more common in newborns covered by Medicaid than those with private insurance (8.7% vs 6.4%, P < .001). The racial/ethnic distribution was 50% white, 16% black, and 14% Hispanic, with the remaining 18% classified as "other." White newborns were most likely to be covered by private insurance, while the majority of black and Hispanic newborns were covered by Medicaid. Low birth weight (all categories) was more common in blacks than in whites or Hispanics (11.8%, 6.5%, and 7.5%, respectively; P < .001).
Rehospitalizations occurred in 9010 infants (4.4% of the cohort); of these rehospitalized infants, 81% had 1 rehospitalization, 13% had 2 rehospitalizations, and 6% had 3 or more hospitalizations-for a total of 11 820 rehospitalizations. The first 30 days after discharge from birth-hospitalization had the highest rate of readmissions. Overall, rehospitalizations accounted for 98 437 bed days and costs of US$79.3 million.
A higher percentage of newborns with Medicaid coverage and the uninsured were rehospitalized at each time period compared with the privately insured ( Table 2) . The rehospitalization outcomes also showed a doseresponse relationship between lower birth weight category and increased rehospitalization percentage. The percentage rehospitalized was lowest among whites and highest among Hispanics at each time period. Percentages for black infants were comparable to whites within the first 30 days but became increasingly higher at subsequent time points. Factors that independently affected the risk of rehospitalization are shown in Table 3 . Medicaid insurance (relative risk = 1.75, 95% confidence interval = 1.66-1.83) or being uninsured (relative risk = 1.18, 95% confidence interval = 1.03-1.35) was independently associated with significantly higher risk of rehospitalization at each time period compared with private insurance-controlling for race, income, and birth weight. Decreasing birth weight category and higher birth length of stay were both associated with increased risk of rehospitalization. Hispanic ethnicity was associated with higher adjusted risk of rehospitalization. Although unadjusted readmission rates were higher for black compared with white infants (Table 2) , black race was associated with lower adjusted risk of readmission within 30 days, and had no effect in later periods (Table 3) . Males had 1.30 (95% confidence interval = 1.25-1.35) times higher adjusted risk or readmission in 1 year compared with females. Tests for interaction effects were not significant, and there was no evidence of multicollinearity between any of our model covariates. Stratified analysis by birth weight did not meaningfully change the relative risk of the insurance status variables, suggesting confounding between birth weight and payer status on readmission outcomes was not an issue.
We show the leading causes of rehospitalization within 30 days (Table 4 ) and 31 to 365 days (Table 5) post-birth stay discharge between those with private and Medicaid insurance. Jaundice was the leading cause of rehospitalization within 30 days among all insurance types. Jaundice, feeding problems, and dehydration combined were the primary cause for 37% of all readmissions within the first 30 days of life. Acute bronchiolitis was the leading cause of readmission beyond 30 days for both Medicaid enrolled and the privately insured. Chi-square test of within-group difference yielded a P value <.001 for all 4 outcomes, suggesting this variable is associated with the outcome. b Race is missing for 4665 (2.3%) subjects, and median income in zip code of residence is missing for 17 182 subjects. These rates are unadjusted. All characteristics measured at baseline. Figure 1 shows the economic aspects of rehospitalization according to insurance status at birth and birth weight category. Costs per rehospitalization were similar across all payer types (P = .10; Figure 1 , panel A); Risk ratios were estimated from multivariable negative binomial regression models. Risk ratios in boldface indicate significance at P < .001. b Median household income refers to whether or not the zip code the patient resides in has a median household income above or below the statewide median. c Initial length of stay is length of stay at birth stay before discharge home and is log transformed in the model. however, infants on Medicaid had the highest number of rehospitalizations and therefore total costs were higher for Medicaid than private insurers (Figure 1, panel B) .
Birth weight shows an inverse dose-response relationship with average cost per rehospitalization (P < .001; Figure 1 , panel C). While normal birth weight infants had the lowest average cost per rehospitalization, they accounted for the highest total cost (Figure 1, panel D) , primarily because they represented the majority of the population of newborns and the highest absolute number of rehospitalizations. Results were unchanged in sensitivity analysis.
Discussion
Rehospitalization of infants in the first year after birth accounted for a high number of hospital days and substantial burden to the health care system in New York State. Rehospitalization rates were highest within the first 30 days of discharge. Medicaid covered a disproportionate share of low-birth-weight infants compared with private payers and was associated with the highest rates of rehospitalization even after controlling for other factors. These results are consistent with previous studies, which found infants with Medicaid had higher odds of rehospitalization. 4, 7, 31 These previous studies were conducted only in high-risk newborn populations, whereas our population-based study includes normal and low-birth-weight infants. Although the majority of infants were covered by private insurance, Medicaid bore almost twice as much of the economic burden of rehospitalizations as commercial insurers. This burden may grow as trends show the share of pediatric hospital care paid by Medicaid is increasing relative to private insurers. 32 The reason that Medicaid-enrolled infants have higher odds of rehospitalization even after adjusting for other demographic factors is not clear. It could be because of socioeconomic factors that are associated with being covered by Medicaid, rather than the Medicaid program itself. These factors could include maternal age and education, paternal presence, and living situation. It has been shown that infants born to adolescent mothers, many of whom are on Medicaid, have increased rates of rehospitalization compared with infants born to older mothers. 33 It is also possible that treating physicians may be more likely to hospitalize infants overnight if their parent is from a disadvantaged background. However, our results show similarities in the causes and average cost per readmission between Medicaid and private insurance which would seem to refute this possibility.
Previous population-based studies have shown that low-birth-weight infants use a disproportionate share of health care costs and services in their initial birth stay. 25, 26 Our population-based study showed that these costs continued after birth discharge. Low-birth-weight newborns had higher rates of rehospitalization, which is consistent with findings from previous studies. 5, 6, [27] [28] [29] Rehospitalizations of low-birth-weight infants are generally longer and costlier than those for normal-weight infants. 30 However, our study showed that the majority of rehospitalizations and greatest aggregate costs were in normal-weight infants. The risk of rehospitalization was highest among those on Medicaid among all birth weight categories.
We found that the impact of race as a correlate of rehospitalization was diminished after adjusting for other factors, including birth weight, insurance status, and initial length of stay. Although race is often a correlate of poorer outcomes in many clinical areas, there are conflicting data regarding the impact of race on newborn's readmissions. Some studies have shown that race is not a significant predictor of readmission among infants, while others have found black race to be protective. 6, 7 We did not include urban/rural designation in our final model because less than 2% of our study population lived in a rural area as classified by the National Center for Health Statistics. A recent population-based study found California infants living in rural counties had lower rehospitalization rates compared with urban counterparts. 9 The impact of geography on variation in pediatric readmission is an area that deserves further study.
The primary cause of rehospitalizations in the first 30 days for both normal-weight and low-birth-weight infants was hyperbilirubinemia, followed by infections and respiratory conditions. Some of these rehospitalizations may be potentially avoidable with optimal postnatal care. One study classified jaundice, feeding problems, and dehydration as potentially avoidable within the first 10 days of life. 34 In our study, these 3 conditions accounted for 37% of all readmissions within the first 30 days of life. In later time intervals, the primary causes of rehospitalization were more likely to be infectious conditions, such as acute bronchiolitis, pneumonia, and urinary tract infection. These conditions may not be as dependent on postnatal care as conditions more associated with earlier admissions. Further research is needed to determine the preventability of these admissions, and to develop and evaluate potentially preventive interventions.
Much of the policy focus on reducing readmissions has been toward transitional care, which include patient education and programs designed to improve the continuity of care as patients leave the hospital. 35, 36 As it has been shown that areas with high hospital admission rates also have high readmission rates, 37 and that there is considerable variation across hospitals in pediatric readmission, 38 a complementary approach may be to focus on lowering hospital admissions overall in the pediatric and general population through shared saving incentives, for example, with accountable care organizations, bundled payments, and patient-centered medical homes. It is important to note that much of the research and policy papers regarding reducing readmissions are focused on either seniors or the general population, and suggested that interventions may affect infant readmission differently. This study identifies that an important opportunity to reduce newborn infant rehospitalizations could involve improving strategies to reduce readmissions for hyperbilirubinemia. Infant-specific policies such as universal bilirubin screening may be such an intervention to reduce neonatal readmission. 39 Caution to limitations of this study include that HCUP data are collected for billing rather than research and thus miscoding could have occurred, potentially biasing the results. We use the baseline measure of insurance status at birth throughout the entire study period, although for some newborns this will change over time. We could not treat insurance as a time-varying covariate as we would only have data on insurance changes among those that had a readmission. However, our data showed that 94% of those on Medicaid at readmission had Medicaid at birth, and 88% with private insurance at readmission had private insurance at birth, indicating that insurance status may be relatively stable in the first year of life. The variables that we could adjust for were relatively limited. We did not have data on breastfeeding, which may have been a useful covariate given the high percentage of readmissions attributed to jaundice, dehydration, and feeding problems. Additional parental variables including age, education, and utilization of prenatal care would have been desirable. Complete and accurate information on gestational age would have also been desirable, but we could only estimate gestational age through ICD-9-CM codes. As the SID contained precise measures of birth weight in grams and length of stay we chose to use these variables instead. Birth weight and gestational age are likely to be highly correlated and including both would have probably led to multicollinearity in our models. As for any administrative database, generalizability requires caution.
Conclusion
Rehospitalization in the first year of life placed a substantial economic burden on the New York health care system. Medicaid bears a disproportionate share of lowbirth-weight infants compared with private payers; infants with Medicaid had the highest rates of rehospitalization even after controlling for other factors. While normal birth weight infants had the lowest risk of readmission, our study shows they comprise the majority of the total economic burden and therefore policy interventions aimed at reducing costs should not focus solely on low-birth-weight infants. This study identifies the extent, predictors, and impact of infant rehospitalizations during the first year of life. Future research can explore the preventability of rehospitalizations, for example, by implementing novel strategies for discharge and postnatal care coordination especially for Medicaidenrolled infants.
